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minor groove variations, the results also point to potential differences in the steric makeup of the 
minor groove. The O-methyl group points into the minor groove while the S-methyl is directed 
away towards the major groove. Essentially, the S-methyl group has flipped through the bases into 
the major groove as a consequence of C2'-endo puckering. 
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[0090] In addition to the modifications described above, the nucleotides of the oligonucleotides 
of the invention can have a variety of other modification so long as these other modifications do not 
significantly detract from the properties described above. Thus, for nucleotides that are incorporated 
into oligonucleotides of the invention, these nucleotides can have sugar portions that correspond to 
naturally-occurring sugars or modified sugars. Representative modified sugars include carbocyclic 
or acyclic sugars, sugars having substituent groups at their 2' position, sugars having substituent 
groups at their 3' position, and sugars having substituents in place of one or more hydrogen atoms 
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of the sugar. Other altered base moieties and altered sugar moieties are disclosed in United States 
Patent 3,687,808 and PCT application PCT/US89/02323. 

[0091 ] Altered base moieties or altered sugar moieties also include other modifications consistent 
with the spirit of this invention. Such oligonucleotides are best described as being structurally 
distinguishable from, yet functionally interchangeable with, naturally occurring or synthetic wild 
type oligonucleotides. All such oligonucleotides are comprehended by this invention so long as they 
function effectively to mimic the structure of a desired RNA or DNA strand. A class of 
representative base modifications include tricyclic cytosine analog, termed "G clamp" (Lin, et al. , 
J. Am. Chem. Soc. 1998, 120, 8531). This analog makes four hydrogen bonds to a complementary 
guanine (G) within a helix by simultaneously recognizing the Watson-Crick and Hoogsteen faces 
of the targeted G. This G clamp modification when incorporated into phosphorothioate 
oligonucleotides, dramatically enhances antisense potencies in cell culture. The oligonucleotides 
of the invention also can include phenoxazine-substituted bases of the type disclosed by Flanagan, 
etal.,Nat.Biotechnol. 1999, 17(1), 48-52. 

[0092] Additional modifications may also be made at other positions on the oligonucleotide, 
particularly the 3' position of the sugar on the 3' terminal nucleotide and the 5' position of 5' terminal 
nucleotide. For example, one additional modification of the oligonucleotides of the invention 
involves chemically linking to the oligonucleotide one or more moieties or conjugates which 
enhance the activity, cellular distribution or cellular uptake of the oligonucleotide. Such moieties 
include but are not limited to lipid moieties such as a cholesterol moiety (Letsinger et al. , Proc. Natl. 
Acad. Sci. USA, 1989, 86, 6553), cholic acid(Manoharane?a/., Bioorg. Med. Chem. Lett., 1994, 4, 
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1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al, Ann. N. Y. Acad. Sci., 1992, 660, 306; 
Manoharan et al, Bioorg. Med. Chem. Let., 1993, 3, 2765), a thiocholesterol (Oberhauser et al, 
Nucl. Acids Res., 1992, 20, 533), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison- 
Behmoarasef a/., EMBOJ., 1991, 10, 1 1 1 ; Kabanov et al, FEBSLett., 1990, 259, 327; Svinarchuk 
etal, Biochimie, 1993, 75,49), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 
l,2-di-0-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al, Tetrahedron Lett., 1995, 36, 
3651; Shea et al, Nucl Acids Res., 1990, 18, 3777), a polyamine or a polyethylene glycol chain 
(Manoharan et al, Nucleosides & Nucleotides, 1995, 14, 969), or adamantane acetic acid 
(Manoharan et al, Tetrahedron Lett., 1995, 36, 3651), a palmityl moiety (Mishra et al, Biochim. 
Biophys. Acta, 1995, 1264, 229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol 
moiety (Crooke et al, J. Pharmacol Exp. Ther., 1996, 277, 923). 

[0093] As used herein, the term "alkyl" includes but is not limited to straight chain, branch chain, 
and cyclic unsaturated hydrocarbon groups including but not limited to methyl, ethyl, and isopropyl 
groups. Alkyl groups of the present invention may be substituted. Representative alkyl substituents 
are disclosed in United States Patent No. 5,212,295, at column 12, lines 41-50, hereby incorporated 
by reference in its entirety. 

[0094] Alkenyl groups according to the invention are to straight chain, branch chain, and cyclic 
hydrocarbon groups containing at least one carbon-carbon double bond, and alkynyl groups are to 
straight chain, branch chain, and cyclic hydrocarbon groups containing at least one carbon-carbon 
triply bond. Alkenyl and alkynyl groups of the present invention can be substituted. 
[0095] Aryl groups are substituted and unsubstituted aromatic cyclic moieties including but not 
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